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Abstract
In a previous pilot study of the FreeStyle Navigator™ Continuous Glucose Monitoring System
(“Navigator”, Abbott Diabetes Care) in 30 children and adolescents with type 1 diabetes (T1D) using
insulin pumps, we found that Navigator use averaged >130 hours per week over 13 weeks and mean
HbA1c dropped from 7.1 ± 0.6% to 6.8 ± 0.7% (p=0.02) (1). The current study evaluated whether
the Navigator was similarly tolerated over 13 weeks in 27 children aged 4–17 years with T1D using
glargine-based multiple daily injection (MDI) insulin regimens. Subjects averaged >100 hours/week
of Navigator use. Mean HbA1c fell from 7.9 ± 1.0% at baseline to 7.3 ± 0.9% at 13 weeks (p=0.004).
High satisfaction with the Navigator was reported on the Continuous Glucose Monitor Satisfaction
Scale. These encouraging pilot study results support the inclusion of MDI users in longer-term
randomized clinical trials of continuous glucose monitors (CGM).
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Research Design and Methods
Institutional Review Boards at each of the DirecNet centers approved the study protocol and
consent/assent forms. Methods were virtually identical to those employed in our previous
Navigator study (1), except that all subjects were treated with glargine-based MDI treatment.
Other eligibility requirements were: 1) age 3-<18 years, 2) T1D ≥1 year duration, 3) home
computer with e-mail access and 4) parent/older subject comprehended English. Subjects were
excluded for: 1) asthma, 2) cystic fibrosis, 3) psychiatric disorder and 4) use of glucocorticoids.
Subjects were selected for participation from the existing patient population at each center.

There was a run-in period of one week during which Navigator use was blinded to collect
baseline glucose data followed by unblinded home use of the Navigator for 3 months. To blind
subjects to the results from the Navigator sensor readings, Abbott Diabetes Care provided
software which modified the display on the receiver so that the sensor readings would not
display but results of FreeStyle glucose testing would be displayed. During this run-in subjects
were required to perform at least 4 glucose tests daily. Five of the 32 subjects withdrew during
the run-in phase because of difficulty using the sensor or other problems. The remaining 27
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subjects were asked to use the Navigator continuously and instructed on how to use the sensor
data to make management decisions (2). Subjects downloaded the Navigator weekly and
transmitted the data to the clinical and coordinating centers. Patients were seen at 3, 7 and 13
weeks and called at 0.5, 2, 4, 8 and 10 weeks to review glucose data and adjust treatment. A1c
was measured with the DCA 2000® + (Bayer, Inc.). Parents and subjects ≥9 years of age
completed the PedsQL Diabetes Module (3), Fear of Hypoglycemia Survey (4,5) and the
Continuous Glucose Monitor Satisfaction Scale (6).

Glycemic indices were calculated giving equal weight to each of the 24 hours of the day.
Standard deviation (SD), mean amplitude of glycemic excursions (MAGE) (7) and mean
absolute rate of change (8) were calculated. Paired t-tests were used to compare baseline with
9–13 week data.

Results
The mean ± SD age of the 27 subjects was 11.0 ± 3.9 years (range 4–17), median (quartiles)
duration of diabetes was 3.4 (2.0, 5.2) years, and mean ± SD HbA1c was 7.9 ± 1.0%. HbA1c
was ≤7.5% in 10 and >7.5% in 17 subjects. Four subjects dropped out before the 13-week visit
and the remaining 23 completed the 13-week study. As shown in the Table, subjects averaged
over 100 hours of sensor wear per week, and the frequency of sensor use did not change
significantly after the run-in phase. A similar trend was observed in meter measurements.

Mean HbA1c fell from 7.9 ± 1.0% at baseline to 7.3 ± 0.9% at 13 week (p=0.004) with the
greatest reduction being when baseline A1c was >7.5%. Mean glucose concentration dropped
early (baseline vs. weeks 1–4: p=0.002) but no further drop occurred during weeks 9–13. There
was a similar trend for the percentage of glucose values in the target range of 71–180 mg/dL
(p=0.004). Glycemic variation decreased (baseline vs. weeks 9–13: p=0.001 for MAGE) and
there were no severe hypoglycemia events during the study. There was no association between
number of meter tests per day and HbA1c.

Subjects and parents reported high overall satisfaction with the Navigator on the Continuous
Glucose Monitor Satisfaction Scale (CGM-SAT) with average item scores of 3.5 ± 0.5 for
subjects and 3.8 ± 0.4 for parents on a 5-point Likert scale where 3.0 is a neutral score. Fear
of Hypoglycemia Survey and PedsQL scores did not change, although on the CGM-SAT at 13
weeks subjects and parents both agreed that the sensor “makes me feel safer knowing that I
will be warned about low blood sugar before it happens” (mean 3.9 and 4.5 for subjects and
parents, respectively)./.

Conclusions
In this pilot study we assessed whether continuous glucose monitoring could be utilized
consistently and effectively in youth with T1D on glargine-based MDI therapy. We found that:
1) the majority of subjects used the Navigator on an almost daily basis, 2) parents and patients
were very satisfied with the device, and 3) indices of glycemic control improved. Additionally,
all 23 subjects who completed the 13-week visit elected to continue to use the Navigator during
an optional continuation phase. Improvements in glycemic control were seen shortly after
initiation of continuous glucose monitoring and were sustained for the duration of the study.

The Navigator provided a safe and effective complement to standard glucose meter monitoring
even though none of the subjects in this study had used insulin pump therapy and none had
prior experience with the use of an external, transcutaneous device. Although these subjects
were not strictly comparable to pump patients in our prior Navigator study (e.g., baseline A1c
levels were higher in the MDI subjects), major outcomes were similar in these MDI-treated
patients. Moreover, the findings from both of the DirecNet Navigator pilot studies are in
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marked contrast to the results of our study of the GlucoWatch (9), a device that children and
adolescents with T1D found too difficult to use consistently.

While our results are encouraging, they must be viewed cautiously since there was no
concurrent control group and follow-up only lasted 3 months. Nevertheless, these preliminary
data support the inclusion of MDI patients in longer-term randomized clinical trials evaluating
the effectiveness of CGM use in children with T1D.
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